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Dust transport pathways can range in scales from local (over a few
hundred meters) to global (over thousands of kilometers) distance.
This indicates that potential dust impacts upon ecosystems can
operate over similar scales (McTainsh and Strong, 2007). On a global
scale, a region or one major ecosystem type can be a large “dust
collector”; the positive or negative effects of dust collection determine
whether an ecosystem is a dust source or sink and can also directly
reﬂect the loss and accumulation of soil resources. Therefore, it has
been suggested that dust plays an important role in many biogeo-
chemical processes (Prospero, 1999;Muhs et al., 2008).In the past several decades, a large number of studies have shown
that nutrient input is a function of aeolian dust and an important
factor affecting soil nutrients, especially in those regions where winds
often occur (Leys and McTainsh, 1999; Lv and Ma, 2003; Stoorvogel
et al., 1997; Swap et al., 1996; Thomas and Dougill, 2011). Aeolian
dust may often be higher in fertility than the existing soil where it is
deposited. There is a net increase in soil nutrients when wind
deposition is stronger than wind erosion, otherwise, a net loss of
nutrients will occur (Lv and Ma, 2003; Thomas and Dougill, 2011).
Stoorvogel et al. (1997) showed that 50% of the nutrients in a humid
tropical rainforest along the Ghana coast were derived from the dust
carried by dry and hot winds from the Sahara. Swap et al. (1996) drew
more startling conclusion in that a particularly strong sandstorm was
capable of blowing 4.8×105 t dust at one event from the Sahara in
Africa to the Amazon Basin in South America, with an annual
transport of settled dust of up to 1.3×108 t, corresponding to 190
kg⋅ha−1. Through dust fall, the Amazon Basin has obtained 1–4 kg
P⋅ha−1⋅yr−1, which is greatly distributed to the nutrient pool of the
rainforest ecosystem. Leys and McTainsh (1999) also showed that the
ﬁltration effect of vegetation on the dust is a crucial process,
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sedimentation by more than 50%. A large number of studies have
conﬁrmed that dust deposition played an important role in soil
formation of semi-arid and semi-humid lands (Cattle et al., 2002;
Derry and Chadwick, 2007; Gustavson and Holliday, 1999; Johnston,
2001; McIntosh et al., 2004; Tiller et al., 1987;Wen et al., 2002). Some
studies have demonstrated that dust fall can enrich various nutrients
(P, K, Mg, Na, Ca, Fe, Cu, Mn and Mo) in surface soil (Reynolds et al.,
2001; Wen et al., 2002) and that the increase of certain elements
indirectly inﬂuences the utility efﬁciency of other elements. For
example, carbonate inﬂuences the biological efﬁciency of Na, P, K and
Mg, while both Mo and P are essential to the N-ﬁxation process
(Reynolds et al., 2001).
Vegetation coverage is a crucial factor affecting wind erosion and
airborne dust accumulation in semiarid steppes. Grasslands degraded
by human activities have been a major dust source in northern China
(Xu et al., 2005; Yan et al., 2010; Zhao et al., 2000). The wind tunnel
test has shown that erosion of grassland soil by overgrazing and
reclamation amounts to 14 and 4 kg m−2, respectively, corresponding
to 45 and 13 times of that of ungrazed grasslands (Xu et al., 2005). At
the same time, a large area of grasslands receives and intercepts
abundant dust fall. It was reported that the natural dust fall in typical
steppe areas reaches 35.2 t km−2 month−1 in the Xilin River Basin of
northern China (Wang et al., 2000). However, the balance between
wind erosion and dust fall greatly inﬂuences steppe soils at the
ecosystem level. The soils of restored grasslands in grazing exclosures
contained ﬁner particle materials with higher nutrient contents than
those of continuously overgrazed grasslands (Yan and Tang, 2008). In
degraded grasslands, low vegetation coverage could not trap the dust
fall and thus became a source of dust. It is therefore necessary to
quantify the trapping effect of different vegetation coverages on the
aeolian dust to better understand the role of vegetation in aeolian dust
accumulation in arid and semi-arid regions.
Most previous studies have focused on the relationships between
vegetation coverage and wind erosion (Dong et al., 1996; Li et al.,
2007; Mu and Chen, 2007). However, few studies have been
conducted to quantify the function of vegetation in trapping dust.
We here hypothesize that an increase in vegetation coverage would
improve the efﬁciency of dust accumulation and add more organic
carbon (OC) and nutrients to the degenerated grassland soil. To test
this hypothesis, we conducted a ﬁeld experiment by constructing ﬁve
vegetation coverage treatments (15%, 35%, 55%, 75% and 95%) with 0%
coverage as a control. The speciﬁc objectives were (1) to explore the
effect of vegetation coverage on trapping aeolian dust and (2) to
evaluate the effect of dust nutrient contribution on the vegetation-
mulched ﬁelds.Fig. 1. Location of the2. Methods
2.1. Site description
This study was conducted in the north bank of the middle of the
Xilin River, in Inner Mongolia of China (43°26′N, 116°04′E, Fig. 1).
There is a ﬁxed sand belt with 10 km width near the north of study
site. The semiarid region was formed on basalt plateaus and mainly
covered with ﬁne-sand loess. Typical soil types are chestnuts and
calcic chernozems. It is characterized by semiarid steppe climate: cold
and dry in winters but mild and humid in summers, with an annual
average rainfall of 285 mm (1961–2004). Precipitation is highly
variable, with 75% occurring from June to September. Strong winds
occur from March to May with an average monthly speed of up to
4.9 m s−1. The annual average temperature is 2.4 °C. The average
temperature was−22.3 °C in the coldest month (January) and 18.8 °C
in the hottest month (July). After cold and dry winters, numerous
strong storms result from high air pressure gradients between the
Siberian mainland and eastern Asia in spring (Hoffmann et al., 2008).
The natural dust fall in this area reaches 35.2 t km−2 month−1 (Wang
et al., 2000). Wind erosion and dust storms are common phenomena
in this area and contribute considerably tomatter balances (Hoffmann
et al., 2008).
2.2. Experimental design
We bound herbage into small clusters (20 cm height) with thin
wires to mimic different vegetation coverage and used the treatment
without any vegetation (0%) as the control. These clusters were ﬁxed
onto square-opening galvanized iron trays (side length=90 cm,
height=5 cm). Five cover levels (15%, 35%, 55%, 75% and 95%) using
herbage clusters of 10 cm2 in a vertical projection area were
simulated with a uniform arrangement. In total, 18 iron trays were
mounted into the ground of grasslands which experience degradation
because of serious wind erosion. Inter-treatment buffer zones of 1.2 m
were left to minimize the interference between treatments. These
trays were arranged in a vertical row against the main wind direction,
and three replicates were set up for each treatment (Fig. 2). The ﬁeld
site was fence-protected to prevent interference during the experi-
ment time.
2.3. Dust collection and physical and chemical analysis
The experiment started on May 28, 2009. We collected dust from
the trays on May 22, 2010. We ﬁrst removed herbage clusters in iron
trays and then cleaned the trapped dust with brushes into plasticexperimental site.
Prevailing 
wind NW
f 90cm
90cm120cm
edcba
fedcba
Fig. 2. Experimental layout in the ﬁeld. Iron tray (90 cm×90 cm) for trapping dust: (a) control, (b) 15%, (c) 35%, (d) 55%, (e) 75%, (f) 95% coverage of vegetation.
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cores (4 cm in diameter) from the top 10 cmwere collected before the
start of the experiment as the local soil.
The particle size of trapped dust and soil was measured by a
Japanese SALD-3001 laser particle size analyzer. Soil OC was
measured by digestion with potassium dichromate and back-titration
with 0.025 mol L−1 ferrous ammonium sulfate (Kalembasa and
Jenkinson, 1973). The measurement of total nitrogen (N) followed
the classical Kjeldahl digestion method (Moore and Chapman, 1986).
Total phosphorus (P) was determined by the ascorbic acid and
ammonium molybdate blue method (Schlichting et al., 1995).
2.4. Statistical analyses
Data were statistically analyzed using a 10.0 SPSS software
package and the signiﬁcance level was considered at the level of
0.05. Standard errors of the treatment means were calculated by one-
way analysis of variance (ANOVA). Multiple comparisons among
means of dust accumulation, particle size and contents of OC, total N
and P of the trapped dust for different treatments were performed
with Tukey's honestly signiﬁcant difference (HSD) test.
3. Results
3.1. Effect of vegetation coverage on dust accumulation
With increasing vegetation coverage, dust accumulation also
increased and reached a maximum at 75% vegetation coverage,
remaining stable with higher proportions. This can be well described
by an exponential function (Fig. 3). Compared to the control (without
vegetation coverage), the ﬁve treatments with vegetation trapped
signiﬁcantly more dust (pb0.05). The treatments with vegetation
coverage of 15%, 35%, 55%, 75% and 95% trapped dust at a rate of 2.0,
2.2, 2.4, 2.5 and 2.5 g m−2 day−1, respectively, corresponding to 1.7,
1.8, 2.0, 2.1 and 2.1 times of the control. In addition, the dust
accumulation at 75% and 95% vegetation coverage was signiﬁcantly0 20 40 60 80 100
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Fig. 3. Dust accumulations by vegetation mulch at different coverage levels. The points
are mean values of dust accumulation of three replicates, and bars are standard errors.higher than that of 15% (pb0.05). However, there was no signiﬁcant
difference between the other treatments with different vegetation
coverages (pN0.05).
The amount of dust trapped by different treatments demonstrated
three change phases: the ﬁrst phase is from 0% to 15% coverage, the
amount of dust trapped rapidly increased from 1.2 g⋅m−2⋅day−1 to
2.0 g⋅m−2⋅day−1; the second phase is from15% to 75% coverage,where
the amount of dust trapped slowly increased from 2.0 g m−2 day−1 to
2.5 g m−2 day−1; and the third phase is from 75% to 95%, where the
amount of dust remained steady with further increase of vegetation
coverage. In the third phase, the grasslandwith75%vegetation coverage
level may have prevented re-suspension of the dust in the tray and
completely trapped the aeolian dust in this area (Fig. 3).
3.2. Characteristics of particle size of the trapped dust under different
vegetation coverage
The sand content in the trapped dust under different vegetation
coverage levels was signiﬁcantly lower than the control (without
vegetation coverage) and local soil (pb0.05) (Table 1). As the
vegetation curbs the re-suspension of dust, treatments with vegeta-
tion coverage had more ﬁne particles trapped in the dust. For
example, the treatments with different vegetation coverage levels
trapped dust in which clay and silt particles account for 12.1–20.4% of
the total particles (Table 1), but the trapped dust from these
treatments with different vegetation coverages did not signiﬁcantly
differ in particle size.
3.3. The nutrient input effect of the dust
Dust trapped by the ﬁve treatments with vegetation contained
signiﬁcantly higher concentrations of OC, total N and total P than the
control treatment without vegetation (Table 2). The respective
concentrations of OC, total N and total P at 75% of vegetation coverage
were 20.8 g kg−1, 1.7 g kg−1 and 1.0 g kg−1, respectively, or 4.0, 2.6
and 5.7 times of the control. The concentration of OC and total N of the
dust trapped by the 15% vegetation coverage treatment were
signiﬁcantly lower than that of the other four higher vegetation
coverage treatments (pb0.05). There was no signiﬁcant difference
between four treatments of 35%, 55%, 75% and 95% in the
concentration of OC and total N. In the concentration of total P of
dust, there was no signiﬁcant difference between three treatments of
55%, 75%, and 95%, but all of them were signiﬁcantly higher than that
of treatments of 35% and 15%. The treatment of 15% was signiﬁcantly
lower than the 35% vegetation coverage treatment (pb0.05).
The C/N ratio in the dust trapped by the four treatments of 35%,
55%, 75% and 95% was signiﬁcantly higher than in the control
treatment and in the local soil, e.g., the C/N ratio in the dust trapped by
75% vegetation coverage treatment was 12.3, which is 1.5 and 1.3
times of the control treatment and local soil (Table 2), respectively.
OC, total N and total P accumulations from experimental treatments
also increased with the vegetation cover (Fig. 4). The treatment with
75% of vegetation coverage trapped OC, total N and total P at rates up to
52.4 mg C m−2 day−1, 4.3 mg N m−2 day−1 and 2.4 mg P m−2 day−1,
Table 1
Characteristics of particle size of the trapped dust under different vegetation coverage. Different letters in a row indicate signiﬁcant differences between particle sizes at 5% level
(Tukey's test).
Vegetation coverage 0% 15% 35% 55% 75% 95% local soil
Fraction (%) Clay (b0.002 mm) 0.6b 1.9ab 2.5ab 2.8ab 3.5a 3.1ab 0.8b
Silt (0.002–0.05 mm) 3.2c 10.2ab 11.7ab 12.8ab 16.8a 15.1ab 3.5c
Sand (N0.05 mm) 96.2a 87.9bc 85.9bc 84.4bc 79.7c 81.8bc 95.7a
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control. The pattern of nutrient accumulation from our experimental
treatments is different from that observed in dust accumulation. Dust
accumulation exhibited a critical point at around 15% of vegetation
coverage (Fig. 3), whereas nutrient accumulation appears to exhibit a
critical point at 35% vegetation coverage for total OC and total N and
between 35% and 55% for total P.
4. Discussion
4.1. Effect of vegetation coverage on dust accumulation
Vegetation has been suggested to play an important role in
trapping dust, because it can produce surface roughness that reduces
wind speed near the soil surface and thus reduces re-suspension of
deposited dust. Zhao et al. (2007) also showed that the aeolian
erosion of soil decreases by exponential law with the increase of
aerodynamic roughness, which curbs the re-suspension of the settled
dust. This in turn reduced net dust accumulation (deposition minus
re-suspension). It is also possible, though not discussed here, that the
vegetation also increases the deposition rate, on the one hand, the
vegetation reduces wind speed and reduces its ability of carrying dust
(Hoffmann et al., 2007; Zhang et al., 2005); on the other hand, the
direct intercept of stems or leaves on dust also increase the deposition
rate (Wang, 2004). Therefore, the large net dust accumulation of high
vegetation coverage is contributed by the increase of deposition rate
as well as the decrease of on re-suspension.
We observed two critical points for dust accumulation. One is for
the efﬁciency of trapping dust at close 15% vegetation coverage
treatment, above which dust accumulation increases slowly while
below, dust accumulation dramatically declines. This indicates that a
vegetation cover of at least 15% can efﬁciently trap dust in this semi-
arid region. The second is the maximal capacity to trap, vegetation
coverage ranging from 55% to 75%. Actually, however, this vegetation
coverage is difﬁcult to reach except in the long-term exclosure
grassland in this area.
4.2. Characteristic of particle size of the dust
Numerous studies have suggested that with the continuous
transport of soil particles by wind, ﬁne materials are winnowed
from the surface, causing the soil texture to become coarser and less
fertile (Table 3) (Larney et al., 1998; Lv, 2005; Su et al., 2002; Su and
Zhao, 2003; Yan, 2008; Yan and Tang, 2008). Our results conﬁrm the
above conclusion, showing that dust trapped by vegetation containedTable 2
Concentrations of carbon (OC), total nitrogen (TN) and total phosphorous (TP) of dust
trapped in different vegetation coverage treatments. Different letters in a row indicate
signiﬁcant differences between particle sizes at 5% level (Tukey's test).
Vegetation coverage 0% 15% 35% 55% 75% 95% Local soil
OC (g kg−1) 5.2c 12.3b 18.6a 19.2a 20.8a 21.0a 5.1c
TN (g kg−1) 0.7c 1.3b 1.6a 1.7a 1.7a 1.8a 0.6c
TP (g kg−1) 0.2 d 0.5c 0.8b 0.9a 1.0a 0.9a 0.2 d
C/N 8.0c 9.4bc 11.6a 11.2ab 12.3a 11.5a 9.2cmore clay and silt particles than the control. This is due to two major
reasons: (1) ﬁne particles of the surface soil layer of the continuously
overgrazed grasslands suffered from constant wind erosion, while the
enclosed grassland could prevent the soil from wind erosion because
of increasing vegetative coverage; (2) the increase of the vegetation
coverage enables the enclosed grassland to trap the dust fall, and the
dust fall played an important role in the increase of ﬁne particles and
nutrients in the soil (Su and Zhao, 2003). In degraded grasslands, low
vegetation coverage could not trap the dust fall and thus became a
source of dust (Yan et al., 2010).
4.3. The nutrient input effect of the dust
Numerous studies have assessed the effect of nutrient enrichment
from dust input (Larney et al. 1998; Leys and McTainsh, 1999). They
suggested that ﬁner particles with higher nutrient contents tend to be
transported at greater heights, with the enrichment ratio being a site-
speciﬁc factor that relates the intensity of wind erosion, soil texture
and the height at which the airborne sediment was collected. In
addition, the enrichment ratio may also be related to the depth of
surface soils being sampled, as nutrient contents can decline rapidly
with soil depth (Li et al., 2007). In our study, the trapped dust added
nutrients to the soil, as the contents of OC, total N and P are 2–4 times
higher than in the local soil. This is consistent with a similar
experiment in the semiarid region of northwest China, where Li and
Liu (2003) found total N and OC content in the dust trapped by gravel
mulch plot was 2–3 times that of the local soil. This indicates that dust
can be an important nutrient input to arid ecosystems. In the
temperate steppe, total N and P accumulations in the aboveground
biomass and living roots are estimated to be about 8.8 g N m−2 and
0.7 g P m−2 (Huang et al., 1996). These values can be regarded as the
conservative seasonal N and P demands by grasses. According to our
study, 1.6 g N m−2 and 0.9 g P m−2 can be gained by trapping
windblown dust each year. Available N and available P contribute 10%
of total N and 3% of total P (Su et al., 2002). Therefore, available N and
P input through dust is estimated to be about 0.16 g N m−2 yr−1 andVegetation coverage (%)
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Fig. 4. Organic carbon (OC), total nitrogen (TN) and total phosphorous (TP)
accumulations by vegetation mulch for different coverage levels. The points are mean
values of OC, TN and TP accumulation of three replicates, and bars are standard errors.
Table 3
Change of soil particle size after the enclosure of degraded grasslands in different
research areas.
Research area Plot
treatment
Vegetation
coverage (%)
The change of soil particle size
Horqin sand
(Su et al., 2002)
Continuous
overgrazing
13–40 Fine sand (0.1–0.05 mm),
silt (0.05–0.002 mm) and clay
(b0.002 mm) of 0–2.5 cm surface
soil in enclosed grassland increase,
respectively, 43%, 11% and 33%.
5-year
enclosure
70
Hulunbuir
(Lv, 2005)
Continuous
overgrazing
4–11 0–2 cm soil-layer of the enclosed
grassland contains 7.3% particles
(b0.01 mm), 7 times of the 1-year
enclosed pasture.
17-year
enclosure
51
Biyinxile pasture
(Yan and Tang,
2008)
Continuous
overgrazing
12–36 0–10 cm soil-layer in enclosed
grassland contains 39% mid-clay
and silt particles (b0.05 mm),
5.6 times of that of overgrazed.
11-year
enclosure
56
The max values of vegetation coverage are measured in the growing season (summer);
the min values are the numbers from the wind erosion season (spring). This was
estimated according to the monthly dynamic models of grass cover in grazing grassland
(Zhao et al., 2005); generally the min value of grazing grassland in the wind erosion
season is one third of the max value in the growing season. While there is little seasonal
variation of vegetation coverage in enclosed grasslands, we ignore the change of grass
cover.
355Y. Yan et al. / Catena 87 (2011) 351–3560.03 g P m−2 yr−1, accounting for 2% and 4% of seasonal N and P
demand by grasses. Although their accumulation by trapping aeolian
dust makes a small contribution over an annual scale, it still plays an
important role in the N and P cycles in semiarid grasslands because
more nutrients can be retained in this area for a long period. This
validates that N and P accumulation through trapping aeolian dust is a
signiﬁcant pathway of N and P input to terrestrial ecosystems on the
decadal and centurial scale.
In terms of ecosystem function, aeolian transport of soil nutrients
may be of greater importance than transport of surface soil (Li et al.,
2007). Fig. 3 shows that the critical point for stable nutrient
accumulation occurs at higher coverage than that for dust accumu-
lation, probably close to 35% vegetation coverage in OC and total N, or
between 35% and 55% vegetation coverage treatment in total P.
Though there is no signiﬁcant difference in dust accumulation
between 35% and 15% vegetation coverage treatment, the concentra-
tions of OC, total N, and total P in the dust trapped by the 35%
vegetation coverage treatment were signiﬁcantly higher than by 15%.
This results in a shift of the critical point for nutrient accumulation to a
higher plant cover level.5. Conclusions
Our experiments demonstrate that vegetation coverage has a
major impact on both aeolian dust accumulation and nutrient
accumulation in the semiarid steppe of northern China. Our research
presents two distinct accumulation critical value of coverage. A
moderately increased vegetation cover from 0% to 15% considerably
increases dust accumulation from 1.2 to 2.0 g m−2 day−1, while a
vegetation cover of 55–75% has the potential to accumulate 2.4–
2.5 g m−2 day−1. The critical point for nutrient accumulation is close
to 35% in OC and total N, or between 35% and 55% vegetation coverage
treatment in total P. The texture of dust trapped in the tray without
vegetation coverage is obviously coarser than in treatments with
vegetation and local soil. This ﬁnding suggests that land managers
wishing tomanage aeolian dustmay need to adjust theirmanagement
plans for different targets. If, for instance, a land manager simply
wishes to control and trap the aeolian dust, a vegetation cover of
about 15% may be sufﬁcient over the short term as a simple trap. To
protect and improve the soil in the long-term, our data suggest that at
least 35% vegetation coverage is necessary to trap nutrients efﬁciently.Acknowledgements
This study was funded by the National Natural Science Foundation
of China (40901053), Major State Basic Research Development
Program of China (973 Program) (2007CB106806, 2010CB833502),
the National Public Beneﬁt (Agricultural) Research Foundation of
China (20093061) and Major technology project of Inner Mongolia
Autonomous Region (20091403).
References
Cattle, S.R., McTainsh, G.H., Wagner, S., 2002. Æolian dust contributions to soil of the
Namoi Valley, northern NSW, Australia. Catena 47, 245–264.
Derry, L.A., Chadwick, O.A., 2007. Contributions from earth's atmosphere to soil.
Elements 3, 333–338.
Dong, Z.B., Chen, W.N., Li, Z.S., Yang, Z.T., 1996. The laboratory study on the role of
vegetation in soil erosion by wind. Journal of soil erosion and soil and water
conservation 2, 1–8.
Gustavson, T.P., Holliday, V.T., 1999. Eolian sedimentation and soil development on a
semiarid to subhumid grassland, Tertiary Ogallala and Quaternary Blackwater
Draw formations, Texas and New Mexico high plains. Journal of Sedimentary
Research 69, 622–634.
Hoffmann, C., Funk, R., Wieland, R., 2007. Effects of grazing and topography on dust ﬂux
and deposition in the Xilingele grassland, Inner Mongolia. Journal of Arid
Environments 72, 792–807.
Hoffmann, C., Funk, R., Li, Y., 2008. Effect of grazing on wind driven carbon and nitrogen
ratios in the grasslands of Inner Mongolia. Catena 75, 182–190.
Huang, D.H., Wang, Y.F., Chen, Z.Z., 1996. Bioaccumulation of different nutritive
elements of Leymus chinesis steppe in Isohumisol soil Inner Mongolia. Acata
Agrestia Sinca 4, 231–239.
Johnston, S.W., 2001. The inﬂuence of aeolian dust deposits on alpine soils in south-
eastern Australia. Australian Journal of Soil Research 39, 81–88.
Kalembasa, S.J., Jenkinson, D.S., 1973. A comparative study of titrimetric and
gravimetric methods for determination of organic carbon in soil. Journal of the
Science of Food and Agriculture 24, 1085–1090.
Larney, F.J., Bullock, M.S., Janzen, H.H., Ellert, B.H., Olson, E.C.S., 1998. Wind erosion
effects on nutrient redistribution and soil productivity. Journal of Soil and Water
Conservation 53, 133–140.
Leys, J.F., McTainsh, G.H., 1999. Dust and nutrient deposition to riverine environments
of south-eastern Australia. Zeitschrift für Geomorphologie Supplementbände 116,
59–76.
Li, X.Y., Liu, L.Y., 2003. Effect of gravel mulch on aeolian dust accumulation in the
semiarid region of northwest China. Soil & Tillage Research 70, 73–81.
Li, J., Okin, G.S., Alvarez, L., 2007. Quantitative effects of vegetation cover on wind
erosion and soil nutrient loss in a desert grassland of southern New Mexico, USA.
Biogeochemistry 85, 317–332.
Lv, Y.Z., Ma, X.W., 2003. The inﬂuencial factors of the nutrition changes in
desertiﬁcation soils. Ecology and Environment 12, 473–477.
Lv, S.H., 2005. Study on the characteristics of desertiﬁcation grassland ecosystem and
the effects of fencing improvement in Hulunbeir steppe. PhD thesis of Beijing
Forestry University. pp. 98–103.
McIntosh, P.D., Kiernan, K., Price, D.M., 2004. An aeolian sediment pulse at c. 28 kyr BP
in southern Tasmania. Journal of the Royal Society of New Zealand 34, 369–379.
McTainsh, G., Strong, C., 2007. The role of aeolian dust in ecosystems. Geomorphology
89, 39–54.
Moore, P.D., Chapman, S.B., 1986. Methods in Plant Ecology. Alden Press, Oxford.
Mu, Q.S., Chen, X.H., 2007. Relation between threshold wind erosion velocity and
vegetation coverage. Journal of Desert Research 27, 534–538.
Muhs, D.R., Budahn, J.R., Johnson, D.L., Reheis, M., 2008. Geochemical evidence for
airborne dust additions to soils in Channel Islands National Park, California. GSA
Bulletin 120, 106–126.
Prospero, J.M., 1999. Long-range transport of mineral dust in the global atmosphere:
impact of African dust on the environment of the southeastern United States. PNAS
96, 3396–3403.
Reynolds, R., Belnap, J., Reheis, M., Lamothe, P., Luiszer, F., 2001. Aeolian dust in
Colorado Plateau soils: nutrient inputs and recent change in source. PNAS 98,
7123–7127.
Schlichting, E., Blume, H.P., Stahr, K., 1995. Bodenkundliches praktikum. Blackwell Berlin.
Stoorvogel, J.J., Van Breemen, N., Janssen, B.H., 1997. The nutrient input by Harmattan
dust to a forest ecosystem in Cote d'Ivoire, Africa. Biogeochemistry 37, 145–157.
Su, Y.Z., Zhao, H.L., 2003. Losses of Soil organic carbon and nitrogen and their
mechanisms in the desertiﬁcation process of sandy farmlands in Horqin sandy land.
Scientia Agricultura Sinica 36, 928–934.
Su, Y.Z., Zhao, H.L., Wen, H.Y., 2002. Cultivation and enclosure effects on soil
physicochemical properties of degraded sandy grassland. Chinese Journal of Soil
and Water Conservation 16, 5–8 126.
Swap, R.J., Garstang, M., Macko, S.A., Tyson, P.D., Maenhaut, W., Artaxo, P., Kållberg, P.,
Talbot, R., 1996. The long-range transport of southern African aerosols to the
tropical South Atlantic. Journal of Geophysical Research 101, 23777–23791.
Thomas, A.D., Dougill, A.J., 2011. Processes of Nebkha dune formation and wind-blown
nutrient deposition in theMolopobasin, SouthernAfrica. In:Ascough, J.C., Flanagan,D.C.
(Eds.), Soil Erosion Research for the 21st Century, American Society of Agricultural
Engineers, pp. 490–493.
356 Y. Yan et al. / Catena 87 (2011) 351–356Tiller, K.G., Smith, L.H., Merry, R.H., 1987. Accessions of atmospheric dust east of
Adelaide, South Australia, and the implications for pedogenesis. Australian Journal
of Soil Research 25, 43–54.
Wang, J., 2004. Research on sand-dust control mechanism of vegetation at northeast
edge of Ulan Buh desert. PhD thesis of Beijing Forestry University. pp. 72–73.
Wang, Y.F., Chen, Z.Z., Huang, D.H., 2000. Temporal variation in dust deposition in the
Xilin River basin. Acta Phytoecologica Sinica 24, 459–462.
Wen, Q., Guan, X., Cui, W.G., 2002. Study on dustfall and its effect on soils in Hotan,
Xinjiang. Arid Zone Research 19, 1–5.
Xu, Z.Q., Li, W.H., Min, Q.W., 2005. Experimental research on the anti-wind erosion of
typical grasslands. Environmental Science 26, 164–168.
Yan, Y.C., 2008. Vegetation, soil properties and carbon sequestration of typical steppe
under grazing, cultivation and exclosure in Inner Mongolia, North China. PhD thesis
of Beijing Normal University. pp. 49–61.
Yan, Y.C., Tang, H.P., 2008. Restoration of degraded grassland under exclosure and its
contribution to carbon sequestration, Inner Mongolia, North China. Progress in
Natural Science 18, 546–551.Yan, Y.C., Tang, H.P., Zhang, X.S., 2010. Probe on grassland wind erosion based on the
analysis of soil particle size. Journal of Desert Research 30, 1263–1268.
Zhang, H., He, H., Li, F.R., 2005. Preliminary study on the dustfall in the zone sheltered by
sand-ﬁxation forest. Arid land geography 28, 156–160.
Zhao, H.L., Zhao, X.Y., Zhang, T.H., 2000. Causes, processes and countermeasures of
desertiﬁcation in the interlocked agro-pasturing area of North China. Journal of
Desert Research 20, 22–28.
Zhao, C.X., Zheng, D.W., He, W.Q., 2005. Vegetation cover changes over time and its
effects on resistance to wind erosion. Acta Phytoecologica Sinica 29, 68–73.
Zhao, Y.L., Ma, S.S., Chen, Z., 2007. Aerodynamic roughness of vegetation coverage
surface and its inﬂuence on soil erosion by the wind tunnel. Journal of Agricultural
Mechanization Research 2, 36–39.
